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Abstract 
During the month of August 2008, 10 ozonesondes were launched from Hokkaido University in 
Sapporo, Japan as part of a study to examine regional pollution during the Olympic period.  Seven 
of these soundings included a second instrument with a filter designed to remove SO2 from the 
intake air stream.  SO2 interferes with the normal chemistry of the electrochemical cell (ECC) 
method for ozone detection, with the net result being that each molecule of SO2 registers as minus 
one molecule of O3.  Thus the unfiltered sonde reports [O3] - [SO2] while the filtered sonde reports 
[O3].  Laboratory tests prior to launch indicate that the SO2 filter is ~87% effective, while destroying 
little to no O3.   The difference between the filtered and unfiltered readings is ~[SO2].  We 
demonstrate the effectiveness of this technique in the lower and middle troposphere by examining 
profiles both with and without SO2 present.  Ozone Monitoring Instrument (OMI) SO2 data (Krotkov 
et al., 2006, 2008) and trajectories from the NASA Goddard Trajectory model (Schoeberl & 
Sparling, 1995) connect the SO2 detected by our balloon borne instruments over Hokkaido, Japan 
21 –  22 August to the plume from the volcanic eruption of Mt. Kasatochi 7 – 9 August. "
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Figure 11.  OMI SO2 retrieval assuming a  
3- km height for the arriving SO2 plume shows 
a 2.5+ DU cloud moving across Hokkaido on 
22 Aug.  The position of Sapporo is marked by 
the star in the figure.  The balloon flight was 
due SSE from Sapporo, parallel to the high 
SO2 feature seen in the OMI data."
Figure 3.  Photo of Mt. Kasatochi after the 
eruption taken on 28 Aug. by Jeff Williams (U.S. 
Fish and Wildlife Service)."
Figure1.  Map courtesy of Cheryl Cameron 
(Alaska Volcano Observatory/Alaska Division of 
Geological & Geophysical Surveys)."
Figure 7.  Before dual-ozonesonde flights with 
the SO2 sonde, a check was performed to verify 
that the filtered and unfiltered sondes reported 
the same ozone concentrations when sampling 
SO2-free, ozonated air from the En-Sci ozonizer 
unit. The figure indicates that the two 
instruments track one another very well over 
the tropospheric range of ozone concentrations 
(0 – 350 ppbv), providing confidence in the 
observations."
Figure 8.  In this controlled laboratory test with 
an SO2 source and a chemical ionization mass 
spectrometer using sulfur hexafluoride (SF6-) as 
the reagent ion, we evaluated the efficiency of 
two different SO2 filters:  the En-Sci chromium 
tri-oxide (CrO3) filter and a potassium 
permanganate (KMnO4) filter constructed as 
part of this study.  The figure shows the raw 
counts of the sulfuryl fluoride (SO2F2-) product 
that results from reaction of SF6- with SO2.  The 
red data show the unfiltered readings (~35 – 40 
ppbv); the blue data show the CrO3 filtered 
readings; the purple show the KMnO4 filtered 
readings; the black data show the background 
counts with N2 only; and the blue-green data 
show that the background is unaffected by the 
CrO3 filter.  While the KMnO4 filter showed 
nearly 100% destruction of SO2, its filtering 
ability decayed rapidly with time, such that after 
several days, it destroyed no SO2. Furthermore, 
the KMnO4 filter also destroyed ozone – in our 
tests, the minimum ozone destruction observed 
with this filter was 12%.  Thus, we flew the CrO3 
filter, which destroys little to no ozone (see 
Figure 4) and is ~87% efficient in destroying 
SO2."
Figure 2.  MODIS captures the volcanic plume 
on 8 Aug.  Courtesy Jeff Schmaltz (MODIS 
Land Rapid Response Team, NASA GSFC)."
Figure 10.  Preliminary O3, SO2, and potential 
temperature (theta) profiles for the flight on 22 
Aug.  A feature at 1 km shows ~15 ppbv of SO2 
in a plume of air from the Mt. Kasatochi 
eruption.  Integration of the SO2 profile yields a 
~1.8 DU column, of which ~0.9 DU is below  
 3 km.  This plume can also be seen arriving 
near Hokkaido in the OMI data (see Figure 11).  
The launch occurred ~40 minutes after the OMI 
overpass."
SO2 Measurement Technique!
Figure 6. Left – the standard 2Z ECC ozonesonde (Komhyr, 1986) with EnSci CrO3 filter to remove 
SO2 attached to the inlet side.  Right - The dual instrument payload was launched on 7 flights from 
16 – 24 Aug.  From left to right are the RS80-15N radiosonde, the standard En-Sci 2Z ozonesonde, 
and a second ozonesonde with SO2 filter (the circled white tube).  When SO2 is present, the 
standard, unfiltered ozonesonde effectively measures [O3] – [SO2].  By differencing the filtered 
(right) and unfiltered (left) ozonesonde measurements, we can deduce [SO2].  Lab tests and sample 
data are shown below."
Mt. Kasatochi Eruption!
Mt. Kasathochi erupted violently three times 
22:00 GMT, 7 Aug. to 04:35 GMT, 8 Aug., 
sending emissions to 45,000 ft. (~13.7 km) and 
above.  Eruptions continued through ~18:00 
GMT, 9 Aug., with emissions again reaching 
above 35,000 ft. (~10.7 km).  Emissions from 
the eruption were quickly detected by MODIS 
and OMI, and traveled around the world.  Our 
balloons detected SO2 from this eruption on 21 











Figure 4.  OMI column SO2 data for 13 Aug. 
shows the plume spreading around the 
Northern Hemisphere.  Image courtesy Gilberto 
Vicente (NOAA/NESDIS). Color scale: purple = 
0.5 – 0.7 DU; blue = 0.8 – 1.2 DU; red > 1.8 
DU. "
Figure 5.  Output for 13 Aug. from the NASA 
GSFC Trajectory Model (Schoeberl & Sparling, 
1995) run in kinematic mode with NCEP 
reanalysis data.  Trajectories were initialized on 
a 20 lat. × 40 lon. grid centered on Mt. Kasatochi 
every 1 km in the vertical from 12 – 15 km 
(20:00 GMT, 7 Aug. to  04:00 GMT, 8 Aug.) or 6 
– 12 km (08:00 GMT, 8 Aug. to 20:00 GMT, 9 
Aug.).  See animation."
•  Calibrated lab test using dual sonde with known O3 and SO2 sources, 
varied over the range of values seen in the troposphere."
•  Deployment in locations with consistently high SO2."
•  SHARP campaign in Houston (April – May 2009) will use dual sondes 
to measure O3 and SO2 profiles."
•  Develop O3 filter and direct SO2 chemical measurement technique so 
that differential approach is unnecessary."
Figure 9.  The 
Hokkaido Univ. 
team prepares to 
launch a dual-
sonde instrument 
outside of the 
Environmental 
Earth Science 
Building on the 
Sapporo, Japan 
campus.  Courtesy 
Katherine Kuster."
Figure 12.  Preliminary O3, SO2, and theta 
profiles for the flight on 21 Aug.  Features at ~3 
km (5 ppbv) and 11 km (~15 ppbv) may also be 
related to air arriving from the Mt. Kasatochi 
eruption.  Given the larger values of O3 at 11 
km, however, the differential technique is less 
certain, so the feature may be an artifact rather 
than real.  The technique works best in the 
lower troposphere, where O3 concentrations are 
small.  The column integral for this profile is 1.4 
DU of SO2."
Figure 13.  Preliminary O3, SO2, and theta 
profiles for the flight on 16 Aug.  On this day, no 
SO2 was observed near Hokkaido by the 
sounding or the satellite.  Surface SO2 monitors 
at launch time report 0 – 1 ppbv.  The near 
constant 0 profile, even through the large ozone 
gradient at 9 km, bodes well for the use of this 
differential technique.  It appears that the 
technique may be able to detect SO2 features 
as small as 3 ppbv. The column integral for this 
profile is 0.4 DU of SO2, which may be the 
lowest detectable limit by this technique."
Future Work!
